10 Sharp lateral changes in structural geometry of ductile thrust stacks are not widely reported. A 
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Structure and lithologies of the Achness Nappe 177
The Achness Thrust forms the roof thrust to the Cassley Culmination (Fig. 2) . The 178 trace of the Achness Thrust is well constrained in the south, less so in the east and 179 north. At its type section at the Achness Falls, the Achness Thrust dips c. 40° to 50° to 180 the south ( The Achness Thrust has not been studied in detail east and north of Achness 194 Falls. Its location may be marked by a series of Lewisianoid slivers, associated with 195 phyllonitic gneiss or psammite (Peacock 1975 ) that occur in the east. It is thought 196 most likely that north of these inliers it trends northwestward across the poorly 197 exposed ground south of Loch Shin, to link with the Ben Hope Thrust in the vicinity 198 of Loch Merkland (Fig 2) . According to this interpretation, the Airde of Shin 199 basement inlier lies in the hanging wall of the Achness Thrust (Fig. 2) . This inlier 200 occurs in the core of a major tight anticline (the Loch Shin Anticline, LSA on Fig. 2) . 201
In contrast to the rather cylindrical F2 BH/AC folds observed elsewhere across the 202 Cassley Culmination, the Loch Shin Anticline is a curvilinear non-cylindrical fold, 203 which, at Airde of Shin is locally sideways-closing and inferred to plunge to the ESE, 204 parallel to the regional L2 stretching and mineral lineation (Strachan & Holdsworth 205 1988) . The Loch Shin Anticline is tentatively correlated with the gently-plunging, 206 cylindroidal Ben Hee Anticline farther north (Fig 2; and see Cheer et al. this volume) . 207
An alternative interpretation is that the Achness Thrust links with the Dherue Thrust 208 ~30 km north of Loch Shin (Fig 2) . This solution cannot be precluded completely 209
given the sparse exposure around Loch Shin, but is thought less likely. 210
No Lewisianoid inliers occur in the hanging wall of the Achness Thrust 211 towards the west, and within the lateral termination of the Cassley Culmination; 212 psammite is emplaced on psammite (Figs. 3, 6 ). However, the character of the 213 psammite on either side is quite different. The psammite structurally below the 214 Achness Thrust (i.e. in the Ben Hope Nappe) is generally thick-bedded and massive. 215
Fabric development is poor and related to the west-vergent km-scale 'Cassley Folds', 216 (F2 BH ); in many outcrops the fabric is at high angles to bedding ( the strike of the strata, and of the 'Cassley Folds', is at a high angle to the trace of the 219 Achness Thrust (Figs. 6 & 7) . In contrast, to the south and structurally above the 220 Achness Thrust, psammite strata are thin-bedded (possibly caused by deformation, see 221 below), with a well-developed bedding-parallel biotite-defined foliation S2 AC , (Table  222 1); both S0 and S2 AC are sub-parallel to the Achness Thrust, i.e. ~E-W striking and 223 south-dipping at 30-50° (Fig. 5) . Using these criteria, the Achness Thrust can be 224 traced from the Achness Falls, via the Tutim Burn to the Allt Rugaidh Bheag section 225 (Fig. 7) . Farther west, intermittent exposure suggests that the Achness Thrust joins the 226
Moine Thrust at point A on Fig. 2 . 227 228
Structure and lithologies of the Ben Hope Nappe 229
The Ben Hope Thrust is a strongly localised ductile tectonic break that separates grey 230 flaggy psammite in its footwall from pale grey to white, commonly siliceous, 231 psammite with minor grey semipelite in its hanging wall. Foliation is intense and 232 subparallel to the thrust in its immediate vicinity. In limited exposure in Gleann na 233
Muic (point C on become more prevalent higher up in the sequence towards the west); this is a variably 257 intense crenulation fabric that deforms an earlier bedding-parallel schistosity (S1 BH ). 258
The chronology of fabric development in the Ben Hope Nappe is readily 259 determined in the Allt Rugaidh Mhor stream section (Figs. 3, 7) . Strata young to the 260 SW, decimetre-scale trough cross-bedding is well-preserved locally. The western 1. 
Relationship between fabric development and folding in different nappes 313
In the Allt Rugaidh Bheag section (Fig. 7) , the flaggy bedding and bedding-parallel 314 foliation structurally above the Achness Thrust is folded by open to close NNW-SSE 315 trending folds (F3 AC ). These folds can be traced north and structurally below the 316 Achness Thrust, into the Ben Hope Nappe as the 'Cassley Folds'. In other words, the 317 dominant structures in the structurally lower Ben Hope Nappe (F2 BH 'Cassley Folds') 318 fold the Achness Thrust and the penetrative S2 AC fabric in the structurally higher 319
Achness Nappe (c.f. Table 1 where (small) angles exist between the biotite-defined S2 AC and bedding, the 337 intersection lineation (L2 AC ) plunges 10-30° to the SE (Fig. 5) . Whilst it is clear that 338 the psammite in this domain has undergone significant strain, it is difficult to estimate 339 to what extent the 'flagginess' is wholly or partially an effect of thinning of an 340 original thick-bedded sequence, or whether the strata were originally thinner-bedded 341 than those at Glen Cassley. 342
The km-scale F2 AC Einig fold pair forms a prominent feature of this zone, 343 aligned at a high angle to the Cassley folds in the Ben Hope Nappe structurally 344 beneath (Figs. 7, 8) . The major antiformal hinge is located at the confluence of the 345 rivers Oykel and Einig (point E on Fig. 3) , with the complimentary synformal closure 346 located at point F (Fig. 3) ; the fold pair can be traced westwards to Allt Tarsuin (point 347 G on Fig. 3 ). The fold pair is tight, asymmetrical, SSW-vergent and downward-348 facing; fold axes plunge uniformly to the SE (Fig. 8, c.f. Figs. 6, 7) . The biotite-349 defined S2 AC fabric is axial planar to the fold pair. Although the mullions are best developed and exposed near Oykel Bridge (on the 367 northern long limb of the Einig fold pair), our mapping has shown that these features 368 occur over a much wider area stretching from Knock Craggie and Salachy (Oykel 369 River) in the NW to Langwell in the SE, in a zone several km wide (Figs. 2, 3) . 370
Mullions occur both in the Achness Nappe, and in the SW corner of the Ben Hope 371 Nappe, so that the 'mullion zone' crosses the Achness Thrust near the confluence of 372
Oykel River and the Allt Rugaidh Bheag (Figs. 3, 7) . In the Achness Nappe, mullions 373 are absent or only weakly developed on the inverted NE-SW trending common limb 374 of the Einig fold pair. Mullions are also observed (albeit less well developed) on the 375 southern long limb of the Einig fold pair. WNW-striking strata are clearly more 376 sensitive to mullion development than the NE-SW striking strata. No mullions have 377 been observed below the Ben Hope Thrust. 378
The mullions are best developed in relatively thick-bedded (2-50 cm) 379 siliceous psammites. Of all the mullion types originally described by Wilson (1953) , 380 'fold mullions' are best developed and are, as stated here, concavo-convex in section. 381
The convex part is typically a decimetre-scale fold closure. The outer surface is often 382 formed by a thin micaceous sheath and may be either concordant or sharply 383 discordant with the internal layering (see Fig. 3 4) The mullion zone crosses the Achness Thrust, suggesting that mullion 414 development post-dated the formation of this thrust (Figs. 3, 7) . This field is not well-constrained and is a significant source of uncertainty in the 474
modelling. 475
Along profile 1, the gravity field decreases linearly south-eastwards from the 476 outcrop of the Moine Thrust (Fig. 10) . The gradient is reproduced by the thickening of 477 relatively low density Morar Group rocks above this thrust without the need to invoke 478 density variations within the underlying basement. The Grudie Granite (see Fig. 1 ) 479 makes a small contribution to the gravity low in its central part, as a slight steepening 480 of the gravity gradients around the granite is more readily explained by the density 481 contrast between it and its host rocks than by features at basement depth. Limited 482
sampling does indicate such a contrast, at least with the monzogranite component of 483 the intrusion (Rollin, in press ). The Migdale Granite Pluton (see Fig. 1 ) has a very 484 small gravity effect, implying a limited depth extent and/or a density similar to that of 485 the surrounding Moine rocks. As there is no evidence for an increase in density of 486
Morar Group rocks between the Grudie and Migdale granites, the southeastward rise 487 in gravity field in this area is attributed to a relatively thick wedge (or wedges) of 488 The model for profile 1 suggests that 5-6 km of Moine rocks are present 494 beneath the centre of the Lairg gravity low, and this was used as the starting point for 495 modelling the depth to basement beneath profile 2 (Fig. 10) Shear Zone (Fig. 1) , so may reflect the influence of a pre-existing basement structure. 502
There is, however, no obvious signature in the gravity profile to suggest a discrete 503 zone of low-density Laxfordian granite in the basement. 504
The local gravity minimum associated with the Grudie Granite Pluton lies 505 between about kilometre 27 and 37 on profile 2, but the steep gravity gradient that 506 forms the SW margin of the more extensive Lairg gravity low is centred at kilometre 507 50 (Fig. 10) . This linear feature appears to be enhanced by the near-surface density 508 contrast between Moine psammite the north and a more heterolithic sequence to the 509 south that includes the Vaich Pelite Formation (Fig. 1) . Outcrops of the Vaich Pelite 510
Formation can be correlated with residual gravity highs and the amplitude of the 511 gradient is reduced where pelitic rocks are absent at surface south of the lineament. It 512 is, however, difficult to explain all the gravity variation simply in terms of lithological 513 contrast within the Moine. The profile 2 model (Fig. 10) includes about 40% of pelitic 514 material at the southern end of the profile, which even if an overestimate when 515 compared with the relative outcrop proportions, still requires an overall thinning of 516 the Moine rocks. Sensitivity trials in which the proportion and density of pelitic rocks 517 in this sequence are varied between reasonable bounds indicate that it is necessary for 518 the model to retain a significant southward shallowing of the basement in this area. 519
Comparison with the structural architecture of the geological model clearly shows that 520 the southern termination of the Cassley Culmination is positioned over the buried 521 basement ramp (or series of steps) indicated by the geophysical model (Fig. 10,  522 profile 2). thrust ramps have their roots in the basal discontinuity. These ramps will then be 533 steepened as thrusting continues to excavate new thrust packages during foreland-534
propagation (Thomas 1990; Calassou et al. 1993; Paulsen and Marschak 1999) . 535
Similarly, as the Cassley Culmination grew, the structurally higher, older nappes were 536 deformed in response to the emergence, towards the west-northwest, of lower and 537 younger nappes. 538 Thomas (1990) (Fig. 1) . We suggest that the basement ramp modelled at the SW 560 margin of the Lairg gravity low exerted the major controlling influence over the 561 development of the Oykel Transverse Zone (albeit at a larger scale). 562 563
Growth of the Cassley Culmination 564
The Cassley Culmination developed within an overall foreland-propagating 565 deformation system. Critically, the main deformation phase above and associated with 566 the Achness Thrust (Achness Phase) pre-dated the main phase of deformation below 567 (Ben Hope Phase). These and other constraints are consistent with a structural 568 evolution model described below (a-g) and illustrated in Fig. 11 . Foreland-569
propagating thrusting is also documented within the Moine Nappe along strike to the 570 north in the Ben Hee area (Cheer et 
